Tuberculosis (TB) remains one of the leading causes of morbidity and mortality among indigenous peoples in Brazil, and identifying the risk factors for TB in this population secondary to specific epidemiological conditions is essential for recommending interventions aimed at disease control.
Introduction
Despite the overall decline in the incidence of tuberculosis (TB) worldwide, 1 outbreaks of TB among indigenous populations continue to challenge TB control efforts. 2 -6 The city of Dourados has the second largest indigenous population in Brazil. The incidence of TB for the indigenous population of Dourados is 230 per 100 000 inhabitants, whereas the incidence in the nonindigenous population is 28 per 100 000 inhabitants. 2 Despite the introduction and employment of the directly observed treatment short course (DOTS) in Dourados over the past 10 years and an observed reduction in the incidence of TB, 2 new intervention measures are needed to reduce the high incidence of tuberculosis in this population.
The risk factors previously investigated in susceptible populations include alcoholism, homelessness, drug abuse, prior incarceration, HIV/AIDS infection, urban residence, positive sputum smear, male gender and prior history of TB. 7 -10 However, no study has identified the risk factors for indigenous populations.
The evaluation of risk factors for vulnerable populations is crucial for planning future interventions for TB control.
Materials and methods

Study design
We performed a case-control study with indigenous TB patients who resided in Dourados and had been reported to the National System on Reportable Diseases (SINAN). 11 The diagnosis of pulmonary TB was based on clinical and epidemiological data, X-ray, thorax CT (computed tomography) and/or positive sputum smear or culture. The diagnosis of extrapulmonary TB was based on clinical and epidemiological data and complementary tests, such as cerebrospinal fluid analysis (CSF), CT and/or biopsy. The cultures were performed in solid medium, and the detection and susceptibility testing were performed using the Mycobacterial Detection System-BACTEC TM control subjects were individuals with no previous or current TB disease (data obtained by asking the participants), and the age of each control was within 10 years of the matched diseased patient's age. The interviews were conducted between June 2009 and August 2011 and took place within one week after patients were notified that TB treatment was necessary.
Study setting
Dourados is a municipality in the state of Mato Grosso do Sul, Brazil, with a population of 189 762 individuals. Specifically, the Special Indigenous Health Agency (SESAI) is responsible for health management and the TB control programme that manages the diagnosis and treatment of TB and notifies the SINAN about TB infections among the indigenous population. Dourados contains approximately 12 602 indigenous people who live in peri-urban areas, and the indigenous population receives different housing, primary health care and social welfare programmes than the non-indigenous population. Overall, the indigenous population has a low education level and a high unemployment rate. The occupations available to this population are concentrated in labour-intensive activities on farms, in the charcoal industry and in the meat packing industry.
Study population
The study included indigenous TB patients who were reported to the SINAN and resided in the city of Dourados. The exclusion criteria were being a prison inmate or a non-indigenous person or having no confirmed diagnosis of TB.
For each TB patient that was included in the study, two controls were selected from the geographic region of the patient's residence; the controls resided up to 500 m from the patient's house. Interviews were conducted with all of the TB patients and control subjects using a standardised, pre-coded questionnaire. The questionnaire was administered by medical students who were involved in the data collection, and the process was overseen by a health worker who understood the indigenous dialect. For patients who did not understand Portuguese, the health worker translated the question and the answer provided by the participant. The same interviewer administered the questionnaire to the cases and their corresponding control subjects, and all collected data were double-checked for accuracy.
Variables and study instruments
The interviews provided data about sex, home ownership (yes or no), individual income (median ≤US$100 or .US$100), illiteracy (i.e., having never been to school), smoking, drug use, diabetes and HIV/AIDS (self-reported), contact with a TB-positive individual (in the household or in other places), the presence of a Bacillus Calmette-Guérin (BCG) vaccine scar (determined by inspecting the arm of the participant), previous incarceration and occupation. An index of domestic over-crowding was determined by dividing the number of people who were living in the household by the number of rooms. The participant's race/skin colour was self-reported (white, black, indigenous, Asian, brown and unknown) and subsequently stratified into indigenous and non-indigenous.
The alcohol intake section of the questionnaire consisted of four questions. Alcoholism was established using the CAGE (cut down, annoyed, guilty and eye opener) questionnaire. 12, 13 Social class was categorised according to the classifications set forth by the Brazilian Association of Research Institutes (ABEP), which adopted the Brazilian Economic Classification Criterion (CCEB). The study population was subsequently grouped according to the number of 10-point intervals (class D or E) that fell below the median. 14 
Statistical analysis and sample size estimation
All of the data were entered in duplicate into the electronic database EpiData version 3.1 (The EpiData Association, Odense, Denmark) and analysed using SAS version 9.1 (SAS Institute, Cary, NC, USA). Univariate and multivariate logistic regressions were conducted to identify the factors associated with active TB. Variables were included in the model if they achieved a significance level of p , 0.20 in the univariate analysis. Correlated variables were tested individually, and the Wald test was used to evaluate the significance of risk factors in the final model. Statistical significance was set at p , 0.05. The results were expressed as OR with 95% CI. A correlation matrix was used to assess confounding variables and correlations between variables.
The sample size was calculated to reach 80% statistical power to detect an absolute difference of 10 percentage points between the cases and controls, with an a error of 0.05.
Ethical issues
All of the eligible patients and the control subjects were informed about the study, and the questionnaire was administered only after receiving written confirmation of informed consent. The consent forms were read to the participants who were illiterate, and these participants provided their consent using their fingerprint. The study was conducted with the approval of the Research Ethics Committee of the Federal University of Grande Dourados (No. 002/2009) and the National Committee for Ethics in Research (No. 627/09). The potential participants who declined to participate or did not participate for other reasons were eligible for treatment (if applicable) and did not suffer in any way by not participating in the study.
Results
Between June 2009 and August 2011, 186 TB cases were reported to the SINAN. A total of 122 cases were excluded; of these, 36 were inmates, 10 did not have confirmed diagnoses of TB, and 76 were non-indigenous people, according to the selfreport of the respondents. One patient died before the interview. The study included a total of 63 patients from SINAN who selfreported that they were indigenous, living in the indigenous reservation in Dourados (Figure 1) .
The annual incidence of TB in the indigenous communities during the study period was 222 (95% CI 148-321) per 100 000 inhabitants. Among the 63 indigenous patients, 84% (53) were diagnosed with pulmonary TB and 16% (10) with extrapulmonary TB. Among these 10 patients, three were neurotuberculosis (based only on clinical and CSF findings without Transactions of The Royal Society of Tropical Medicine and Hygiene definitive microbiologic confirmation), two were genitourinary TB (one culture-positive and one renal biopsy reported chronic granulomatous lymphadenitis), one was pleural TB (culturepositive and pleural biopsy reported chronic granulomatous lymphadenitis), one was lymphadenitis TB (culture-positive and lymph node biopsy reported chronic granulomatous lymphadenitis) and three were pulmonary and lymphadenitis TB (two smear-positive, three culture-positive). All 53 patients with pulmonary TB performed a sputum smear, culture, and X-ray. Of these, 77% (41) were confirmed bacteriologically (55% [29] were smear-and culture-positive, 13% [7] were smear-positive and culture-negative and 10% [5] were smear-negative and culture-positive). Twenty-three per cent (12) were treated according to the changes found in the X-ray or thorax CT. In our study, no difference was found regarding to pattern of X-ray and thorax CT in the indigenous population as compared with the non-indigenous population.
In smear-or culture-positive patients, TB response was evaluated monthly by smear negativity until the sixth month of treatment, and in smear-negative patients, TB response was evaluated as clinical improvement until the third month of treatment. 15 No MDR strains were identified among the isolates, according to the tests performed in the MGIT 960.
Of the 63 patients included in the study, 39 (62%) were employed, and of these, 13 patients worked in rural jobs, 10 worked in sugar cane mills, 10 worked as domestic labourers, five were bricklayers and one was a health professional.
The significant factors in the univariate analysis included male gender (OR 3.8; 95% CI 2.0 -7.1), homeowner status (OR 5.0; 95% CI 1.9 -13.1), illiteracy (OR 2.4; 95% CI 1.3 -4.7), previous contact with a TB-positive patient (OR 2.0; 95% CI 1.1 -3.7), the presence of a BCG scar (OR 0.4; 95% CI 0.2-0.9; protective effect), prior incarceration (OR 2.9; 95% CI 1.0 -8.8) and work in a sugar cane factory (OR 10.3; 95% CI 2.1 -49.0). In the correlation matrix no variable showed an association higher than 0. 4 
Discussion
Prior studies have shown that the distribution of TB is heterogeneous in developed and developing countries and that this distribution is usually influenced by demographic, socio-cultural and geographic characteristics. 4, 16 Tuberculosis constitutes a major health problem among indigenous populations in Brazil. The incidence of disease in these populations is high, and the rates of infection are up to ten times greater than those found in the general Brazilian population. 3, 4 The city of Dourados has recently expanded its sugar cane activity. Due to the increased demand from sugar cane mills, labour migration to the region has intensified, although many of these workers are residents of Dourados who primarily live in indigenous communities. Our results indicated that TB infection in the indigenous communities of Dourados was associated with working in sugar cane mills. Previous studies have highlighted the association between tuberculosis and occupation, as associations with TB also exist among miners, 17 farmers 18 and healthcare workers. 19 However, the relationship between TB and employment in the sugar cane industry has not previously been reported. This association may be explained by analysing the working conditions of this population. Although mechanised sugar cane harvesting is on the rise, much of this crop is still manually cut, which requires burning dry leaves to facilitate the harvesting and cutting of the stalks as close to the ground as possible. The indigenous population is generally involved in manual sugar cane cutting, and this type of labour is associated with low pay, low job qualifications, excessive work hours, inadequate safety gear, and an absence of sanitary and health services. 20 Sugar cane workers are in frequent contact during bus rides from their homes and in the lodging facilities provided by the industry. Furthermore, the practise of burning sugar cane has been associated with respiratory disease in populations residing near sugar cane fields, 21 and studies have reported an increased risk of lung cancer among sugar mill workers. 22 During the burning process, combustion is incomplete, forming compounds that can irritate the respiratory system, cause inflammation and lower the immune system's defences. 23, 24 Previous studies have also demonstrated strong relationships between TB and the socioeconomic status of exposed populations, 25, 26 and our results concerning the education level of our population (as measured by literacy and homeowner status) support this observation. TB is particularly common among the poor, and lower socioeconomic status correlates with other risk factors, such as overcrowding and inadequate nutrition. 7 In the indigenous population we studied, being illiterate and not owning a home were risk factors for active TB infection. These relationships are seldom discussed in relation to this population, but they are directly linked to socioeconomic status. These logit estimators use a correction of 0.5 in every cell that contains a zero.
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Studies have shown that a history of previous contact with TB is an important factor in the epidemiology of the disease, 25, 27 and our results corroborate these findings. In the indigenous communities we studied, the individuals who reported previous contact with TB-infected patients had an OR for acquiring the disease that was approximately three times that of the individuals who had no history of contact. Controlling contact is an important tool for preventing illness and diagnosing early cases of active disease; it should be a priority for TB control programmes. 28 Although the present study provides useful, epidemiologically relevant information that can be directly applied to various settings, it also had certain limitations. Selection bias is an important methodological limitation related to our case-control study design. Interviews with both the TB patients and the control participants were typically conducted during the day. As a result, there may have been a higher tendency to select females as controls, as females were home more often than males at the time of the interviews. Moreover, in many households, none of the residents were present at the time of the interviews, and some of these residents may have been eligible for the study. The interviewer did not return to households to ensure that there were no other eligible control subjects and instead selected control subjects from the next eligible household.
Although the findings of the present study may not be generalisable to other epidemiological situations, the identification of risk factors for TB in Dourados will likely be relevant to indigenous populations in developing countries who are subject to similar conditions. Brazilian studies have indicated that the impact of tuberculosis on indigenous peoples is substantial, and it has become a public health priority. 29, 30 In this context, and based on the individual risk factors of this population, numerous studies have indicated the need to implement prevention and control measures that are specifically targeted towards the indigenous population. 3, 4 To the best of our knowledge, this study is the first to describe the risk factors for tuberculosis in an indigenous population, and these findings may be relevant for other indigenous communities.
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